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[6] Lundgren and Pointin $[7|$ , Robert
and Sommeria [8], Eyink and Spohn [9] Leonard
“It now appears that using an increased
number of point vortices of decreased strength will not yield a converged solution. $\cdot\cdot\cdot$
Ironically, best results with the point vortex method often are achieved by using only a
few vortices with a diffusive time integration scheme.” $[10]_{0}$
Dubin
( ) [11], Chavanis BBGKY





$\omega_{z}(r, t)$ $\zeta\}_{i}$ $r_{i}(t)=(\prime r_{\ovalbox{\tt\small REJECT} i}(t), y_{i}(t))$ $i$ ( )
$N$ 2 Euler
$\frac{\partial}{\partial t}\omega_{z}(r, l)+u(r, l)\cdot\nabla\omega_{z}(r, t)=0$ (2)
:
$\frac{\partial}{()t}\omega_{z}(r, t)$ $=$ $\frac{\partial}{\partial t}(\sum_{i}\Omega_{i}\delta(r-r_{i}(t)))$
$=$
$-u(r, t) \cdot\nabla\sum_{i}\Omega_{i}\delta(r-r_{i}(t))$
$=$ $-u(r, t)\cdot\nabla\omega_{z}(r, t)$ (3)
$R$
[4]
$H$ $=$ $- \frac{1}{4\pi}\sum_{i}^{N}\sum_{j\neq i}^{N}\Omega_{i}\Omega_{j}\ln|r_{i}-r_{j}|+\frac{1}{4\pi}\sum_{i}^{N}\sum_{j}^{N}\Omega_{i}\Omega_{j}\ln|r_{i}-\overline{r}_{j}|$
$- \frac{1}{4\pi}\sum_{i}^{N}\sum_{j}^{N}\Omega_{i}\Omega_{j}\ln\frac{R}{|r_{j}|}$ . (4)
$\Omega_{i}\frac{dx_{i}}{dt}$ $=$ $\frac{\partial H}{\partial y_{i}}$ , (5)

















4 Plasma Kinetic Equation
$\sim$Klimontovich Vlasov $\sim$
$\hat{f}(r, v, t)=\sum_{i}^{N}\delta(r-r_{i}(t))\delta(v-v_{i}(t))$ (7)
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Klimontovich(-Dupree) [12]







$f(x, v, t)\equiv\langle\hat{f}(x, v, t)\rangle$ (9)
( ) $f\ovalbox{\tt\small REJECT}$
$\wedge$
$f(r, v, t)$ $=$ $\{f(x.v, t)\rangle+\delta\hat{f}(x, v_{;}t)$
$=$ $f(r, v_{:}t)+\delta f(r, v, t)$ (10)
$\hat{E}(r, v, t)$ $=$ $E(r, v, t)+\delta\hat{E}(r, v, t)$ (11)
$\hat{B}(r, v, t)$ $=$ $B(r, v, t)+\delta\hat{B}(r, v, t)$ (12)
(8) 1 ( 2
)
$\frac{\partial f}{\partial t}+v\cdot\nabla f+\frac{q}{m}(E+v\cross B)\cdot\frac{\partial f}{\partial v}=-\frac{q}{m}\{(\delta\hat{E}+v\cross\delta\hat{B})\cdot\frac{\partial}{\partial v}\delta\hat{f}\}$ (13)
Fokker-Planck
:
$\frac{\partial f}{\partial t}+v\cdot\nabla f+\frac{q}{m}(E+v\cross B)\cdot\frac{\partial f}{\partial v}=\frac{\partial}{\partial v}\cdot(\overline{D}\cdot\frac{\partial f}{\partial v})$ (14)
2 Vlasov $\not\in$ $X$ $ff\backslash$
:


















$\frac{\partial}{\partial t}\hat{\omega}_{z}(r, t)+\hat{u}(r, t)\cdot\nabla\hat{\omega}_{z}(r, t)=0$ (16)
$\hat{u}(r, t)$ $\hat{\psi}(r, t)$
$u(r, t)=-\hat{z}\cross\hat{\psi}(r, t)$ (17)
$\hat{\omega}$ $(r, t)= \sum_{i}^{N}\Omega_{i}\delta(r-r_{i}(t))$ (18)
$\omega_{z}(r, t)$ $\equiv$ $\langle\hat{\omega}_{z}(r, t))=\{\sum_{i}\Omega_{i}\delta(r-r_{i})\}$ (19)
$\hat{\omega}_{z}(r, t)$ $=$ $\{\hat{\omega}_{z}(r, t)\}+\delta\hat{\omega}_{z}(r, t)$
$=$ $\omega_{z}(r, t)+\delta\hat{\omega}_{z}(r, t)$ (20)
$\hat{u}(r, t)$ $=$ $u(r, t)+\delta\hat{u}(r, t)$ (21)
(16) 1
$\frac{\partial}{\partial t}\omega_{z}(r, t)+u(r, t)\cdot\nabla\omega_{z}(r, t)=-\nabla\cdot\{\delta u(r, t)\delta\omega_{z}(r, t)\}$ (22)
( )
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$\delta\omega_{z}(r, t)$ (16) (20), (21)
1
$\frac{\partial}{\partial t}\delta\omega_{z}(r,\cdot t)+u(r, t)\cdot\nabla\delta\omega_{z}(r, t)=-\delta u(r_{i}t)\cdot\nabla\omega_{z}(r, t)$ (23)
2 $u(r, t)$ , $\omega_{z}(r, t)$
$\delta\omega_{z}(r, t)=\int_{-\infty}^{t}d\tau\delta u(r-(t-\tau)u, \tau)\cdot\nabla\omega_{z}(r, t)$ (24)
$\delta\omega_{z}(r.t=-\infty)=0$ (22)
$-\nabla\cdot\langle\delta u(r, t)\delta\omega_{z}(r, t)\}=-\nabla\cdot(\overline{\eta}\cdot\nabla\omega_{z})$













Biot-Savart ( ) num 2
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$\#f^{2}$ ragrra qoose parai lel. for precision $(^{\prime 1}$do Ole”) loopcounter $(i., ; )$ result $\langle|x$ [il[O. . 1] $)$
fcr $(i=(i; i<nom; i\neq+)$ {
$\iota_{\grave{4}}[i][X]$ $=0.0,\cdot$
$1^{\backslash }.[1\rfloor[Y]$ $=0.0,\cdot$









$u[i][0],$ $u[i][1]$ ( $X=$ O, Y $=1$ )
pragma
$C$ Goose































$\infty\partial t^{t\emptyset_{Im}+u.\cdot\underline{\nabla \mathfrak{X}_{\ovalbox{\tt\small REJECT} n}}=f1}-$
$\frac{\theta}{\delta\}\omega_{\ddagger ll*}\overline{+u\cdot}\nabla_{\overline{\overline{\theta_{R\hslash}}}}\overline{=-}\nabla..\text{ _{}:}^{\delta\omega_{\check{\omega}_{m;}\overline{\}_{S,\ovalbox{\tt\small REJECT}}}}^{\prime====\backslash }}..\cdots\ldots$
$N\gg 1$
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